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Energy consumption and 
indoor air quality 
Energy consumption in buildings Result
Extensively use of synthetic materials 
and chemical products in buildings 
Increased  




Reduced circulation between the 






indoor air pollutants; public 




Increased deployment on automation/electrical 
equipment/air conditioning in buildings
Low satisfaction rate from occupants 
with up to 90% time spent indoors2
Total building performance (TBP) approach was 
developed in Canada in 19813
Consider occupants’ physiological, 
sociological and psychological needs3
Up to 40% of energy was consumed by the 
ventilation systems and lighting in buildings
1st worldwide green building 
rating system in the UK in 
19906; strategies on balance 
between energy use in 
buildings and IAQ7
Sick building syndrome2; 
integrate user satisfaction in 






Indoor air quality (IAQ) in buildings
Improve building performance (i.e. IAQ, energy 
consumption) by passive measures 
Increased awareness on IAQ and the 
impacts on occupants6
Evaluation operational strategies of 
ventilation system5
1 Wall, 1973; 2 Kreiss, 1989; 3 Hartkopf & Loftness, 1999; 4 EC, 1989; 5 Ardehali & Smith, 1997; 6 Shiers, 2000; 7 EC,1996.
Indoor air pollutants and 
their health impacts





heart disease, lung cancer
1, 2
Ozone (O3)
Devices (i.e. printers and 
copiers)










Combustion appliances, the 
burning of incense




Heating and cooking 
appliances






Solvents, paints, carpets, 
cleaning, air fresheners, 
candle burning
Damage to heart, kidney 





humidifiers, wet and damp 
materials, carpets, people, 




1 Sexton, 1986; 2 Health Canada, 1995; 3
Luengas et.al, 2015; 4 Defra, 2019 
By 2035 the health and 
social care costs of air 
pollution in England could 
reach £5.3 billion4. 
Sources of indoor air pollution1
Outdoor air pollutants
Kitchen: NO2, CO, fine 
particles, VOCs from 
cleaning products
Living room: dust, VOCs 
from furniture, carpet, 
candles & air freshers 
Bedroom: VOCs from 
personal care products, 
furniture & carpet, dust 
mites in bedsheets 
AC: mould, stale air, air 
contaminants
Bathroom: mould, 
odours, VOCs from 
cleaning and personal 
care products
Indoor air pollutants



















Aim: Develop and build a 
facility for the 
demonstration of 
domestic technologies and 
design methodologies 
Foci: Energy efficiency,  
indoor air quality



















Indoor air quality measurement
There are limited guidelines for the limits of indoor air pollutants (BRE Trust, 2019)
There is no standard index for IAQ (CEN, 2006)
Dynamic measurements and analysis are recommended for indoor air and personal 
exposure monitoring (RCP, 2016)
Low-cost sensors are cost-effective, portable and can provide high-resolution tempo-
spatial data for the measurements of indoor air pollutants (Kumar et al., 2016) 
(Jinghua’s MRes project – low-cost 
sensors for air quality measurement,
2018 ~ 2019, University of Chester)
Real-time monitoring and 
indoor air dynamics






































• Details of the level of occupancy during the monitoring period 
• Occupants’ views on the quality of their indoor air during the 
monitoring period 
• How are windows and doors controlled during the monitoring 
period 
• How are extract fans used during the monitoring period 
• Use of indoor sources related to moisture production during the 
monitoring period 
• Use of other indoor sources which could impact on indoor air quality
























(Based on Ucci & Yu, 2014; Phillips & Levin, 2015)
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